The ratio between the anomalous magnetic moments of proton and neutron has recently been suggested to be connected to the ratio of proton momentum fractions carried by valence quarks. This relation has been obtained within a parametrization of the Generalized Parton Distributions (GPD) [1], but it is completely independent of such a parametrization. It will be shown that using different CQMs this relation holds within a few percent accuracy. This agreement is based on what all the CQMs have in common: the effective degrees of freedom of the three constituent quarks and the underlying SU(6) symmetry. On the other hand, the experimental value of the ratio is not reproduced by CQMs. This means that the SU(6)-breaking mechanism contained in the phenomenological partonic distributions does not correspond to the SU(6) breaking mechanism implemented in the CQMs we have analyzed [2] . We will also show how this relation can be used in order to understand in which way to implement an SU (6)-breaking mechanism and to test models.
Introduction
The static properties of baryons are an important testing ground for QCD based calculations in the confinement region. However, different CQMs [3, 4, 5, 6] are able to obtain a comparable good description of the low energy data, so that it is difficult to discriminate among them. A fundamental aspect of the theoretical description is the introduction of terms in the quark Hamiltonian which violate the underlying SU (6)−symmetry. It is therefore important to find out observables which are sensitive to the various SU(6)-breaking mechanisms.
In this respect, the relation proposed recently by Goeke, Polyakov and Vanderhaeghen [1] between the anomalous magnetic moments of the proton and the neutron and the proton momentum fractions carried by valence quarks, M q val 2 , might be a good candidate for testing SU(6)-breaking effects.
Quark models are able to reproduce in a extraordinary way the static low energy properties of baryons with very few parameters and this gives us confidence that they are a good effective representation of the low energy strong interaction dynamics. The QCD based parton model reproduces in a beautiful way the Q 2 dependence of the high energy properties even with naive input. However the perturbative approach to QCD does not provide absolute values of the observables; one can only relate data at different momentum scales. The description based on the Operator Product Expansion (OPE) and the QCD evolution require the input of non-perturbative matrix elements which have to be predetermined [7] and therefore the parton distributions are usually obtained in a phenomenological way from fits to deep inelastic lepton nucleon scattering and Drell-Yan processes. The basic steps are to find a parametrization [8] which is appropriate at a sufficiently large momentum Q 0 2 , where it is expected that perturbation theory is applicable, and then QCD evolution techniques are used in order to obtain the parton distribution at higher Q 2 . Using these parametrizations a large body of data is reasonably described, even if at the origin this parametrization is purely phenomenological.
Gluck, Reya and Vogt [9] started from a parametrized distribution of partons at a very low scale µ 2 0 , which resembles that of a naive Quark Model of hadron structure, in the sense that the contribution of the valence quarks to the structure function is dominant. As suggested by Parisi and Petronzio [10] , the hadronic µ 2 0 scale is defined such that the fraction of the total momentum carried by the valence quarks is unity. This procedure opens the possibility of using Constituent Quark Models as input in order to calculate the nonperturbative (twist-two) nucleon matrix elements, as proposed by Jaffe and Ross [11] .
The scheme developed by Traini et al. [12] takes into account all these aspects: it uses as input the quark model results in order to determine the non perturbative matrix elements at the hadronic scale [10] , then an upwards NLO evolution procedure at high momentum transfer (Q 2 = 10 GeV 2 ) is performed [?] . Starting from three different Constituent Quark Models [3, 6, 4] , we have calculated the parton distributions at the hadronic scale and we have evaluated the ratio of the proton momentum fractions carried by valence quarks. A NLO evolution has been performed up to Q 2 = 10 GeV 2 . All models give a good description of the spectrum and have been used also to describe various observables (elastic and inelastic form factors, strong decays). In particular, the different results for the electromagnetic transition form factors indicate that the models have a quite different Q 2 -behaviour. However, the ratio of the proton momentum fractions carried by valence quarks is independent of the scale Q 2 , therefore we expect that the study of this relation will give important information on general aspect of CQM.
Ratio of proton momentum fractions carried by valence quarks
In Ref. [1] , a relation has been proposed between the ratio of the proton and neutron anomalous magnetic moments and the momentum fractions carried by valence u-and d-quark distributions, as follows :
with the proton momentum fraction carried by the valence quarks defined as
In Fig. 1 , we show the scale dependence of the rhs of Eq. (1), which we shall henceforth denote with R, for various recent parametrizations of next-to-leading order (NLO) and next-to-next-to-leading order (NNLO) parton distributions. . Although the relation Eq. (1) was originally derived within a parametrization of generalized parton distributions, it is in fact completely independent of such a parametrization, as the rhs of Eq. (1) is expressed in terms of moments of forward valence quark distributions alone. The above observations from phenomenology suggest that Eq. (1) holds and that the unpolarized valence u− and d-quark forward distributions contain a non-trivial information about the anomalous magnetic moments of the proton and neutron. It is the aim of the present work to investigate the relation of Eq. (1) in different quark models.
Let us firstly consider the simplest quark model, with exact SU (6) symmetry. In this limit, M
, and κ p = -κ n = 2, so that one immediately verifies that Eq. (1) holds.
In reality, the ratio of anomalous magnetic moments deviates from the SU (6) limit by about 6.5 %. The smallness of this deviation is the main reason why constituent quark models are quite successful in predicting nucleon (and more generally baryon octet) magnetic moments. In quark model language, the relation of Eq. (1) implies that the small breaking of the SU (6) symmetry follows some rule which is encoded in the valence quark distributions. In particular, it is interesting to investigate a possible correlation between the ratio of valence d− and u-quark distributions, and the ratio of proton to neutron anomalous magnetic moments in different models. To this end, we turn in the next section to the calculation of parton distributions in quark models with different SU (6) breaking mechanisms.
Parton distributions from quark models
The approach, recently developed by M. Traini et al. for the unpolarized distributions [12] , connects the model wave functions and the parton distributions at the input hadronic scale through the quark momentum density distribution. In the unpolarized case one can write the parton distributions [12] :
where k + is the light-cone momentum of the struck parton, and n q (|k|) represents the density momentum distribution of the valence quark of q-flavour:
is the third component of the isospin Pauli matrices, k i is the momentum of the ith constituent quark in the CM frame of the nucleon, |N, J z = +1/2 is the nucleon wave function (in momentum space) with J z = +1/2 component. Using k + = k 0 + k z , one can integrate eq. 3 over the angular variables and get:
where
M and m q are the nucleon and (constituent) quark masses respectively. Eq. (5) can be applied to a large class of quark models and satisfies some important requirements: it vanishes outside the support region 0 ≤ x ≤ 1 and it has the correct integral property in order to preserve the number normalization. In Ref. [2] we have shown that the ratio of the moments of the proton momentum fractions is Q 2 independent (up to NLO evolution) since the Q 2 dependent part of the parton distributions can be factorized. We discuss the results obtained using different models for the valence quark contributions, namely the Isgur-Karl (IK) model [3] , which has been largely used in the past to study the low-energy properties of hadrons and also deep inelastic polarized and unpolarized scattering[?], a hypercentral Coulomb-like plus linear confinement potential model [4] inspired by lattice QCD [13] and an algebraic model [6] ; the wave functions of the last two models give a rather good description of the electromagnetic elastic and transition form factors [?] [14] [6] [16] .
The validity of Eq. (1) for the hCQM is analyzed in Fig. 3 . The two members are equal within 0.2 %, although the κ-ratio differs by about 7 % from the experimental value (∼ −0.937).
Similar results, reported in Table I , hold for the other models, with the exception of the U(7) model, where the κ-value is correctly reproduced by construction, while the equation is violated up to a few percent. Table 1 : Different CQM predictions for the R-ratio and for the κ-ratio κ p /κ n In order to test if this feature depends on the choice of the CQMs or is a general characteristic, we have used the analytic expression supplied by the Isgur-Karl model and tried to reproduce the experimental value of the two ratios by leaving the amplitudes a S ,a M and a D free. One can also vary the h.o. constant α, with α −1 being a measure of the confinement radius. The Q 2 -behaviour of the I.K. model is unrealistic because of the gauss-factors, however also in this case the ratio is quite scale independent. The procedure of fitting the amplitudes corresponds to introduce implicitly quite different hamiltonians. The anomalous magnetic moments have the following expressions:
If one adopts a model where the only SU(6) breaking comes from the a M , it is immediately seen from equation (6) that the κ-ratio is exactely equal to -1, like in the SU (6) (1), which we refer as R in the following, with these two values of the parameter and varying α in a quite large interval, the best value obtainable is R = 0.9988, with α = 2.1 f m −1 , differing by about 7% from the κ-ratio. Finally, leaving completely free the amplitudes a S , a M and a D in order to fit the κ-ratio and R separately, the resulting amplitudes turn out to be complex.
Therefore, the proposed Equation (1) seems to be valid (up to few percent) for all Constituent Quark Models provided that the SU(6)-violation is not too strong, but both values are quite far from the experimental value of the κ-ratio of −0.937. If one tries to force the SU(6)-violation to reproduce the experimental value, one is apparently faced with too strong constraints coming from the CQM itself. This is a possible indication that the degrees of freedom introduced in the current CQM may be inadequate since one has to take into account pion cloud effects.
The relation Eq. (1) between the ratio of the proton and neutron anomalous magnetic moments and the momentum fractions carried by valence quarks, M q val 2 , is exactly verified in the SU(6)-invariant limit, where both are equal to -1.
In the currently used Constituent Quark Models, SU(6) violations are introduced in different ways (One-Gluon-Exchange interaction, spin and/or isospin dependent terms, Gürsey-Radicati mass formula, One-Boson-Exchange ...). Such SU(6) violation is necessary in order to bring the anomalous proton and neutron magnetic moments closer to the experimental values or to reproduce important features of the spectrum, such as the N-∆ mass difference. In all the models we have considered in this paper (see Table I ) the equality of Eq.(1) holds within a few percent accuracy. This agreement is based on what all the CQMs have in common: the effective degrees of freedom of the three constituent quarks and the underlying SU(6) symmetry. On the other hand, the experimental value of the ratio is not reproduced by CQMs, at variance with the calculations based on phenomenological parton distributions reported in Fig. 1 . This means that the SU(6)-breaking mechanism contained in the phenomenological partonic distributions does not correspond to the SU(6) breaking mechanism implemented in the CQMs we have analyzed. To conclude, it seems that all CQMs are too strongly constrained by the presence of the standard degrees of freedom corresponding to three constituent quarks. Therefore additional degrees of freedom should be introduced, in particular quark antiquark pairs and/or gluons and the discussed equation of Ref. [1] , being sensitive to the SU(6)-breaking mechanism, will provide a useful tool for testing the new models.
